Abstract: To measure the Yukawa couplings of the up and down quarks, Y u,d , seems to be far beyond the capabilities of current and (near) future experiments in particle physics. By performing a general analysis of the potential misalignment between quark masses and Yukawa couplings, we derive predictions for the magnitude of induced flavor-changing neutral currents (FCNCs), depending on the shift in the physical Yukawa coupling of firstgeneration quarks. We find that a shift of −100% in the down-quark Yukawa Y d would generically result in ds transitions in conflict with Kaon physics. This could already be seen as evidence for a non-vanishing direct coupling of the down quark to the newly discovered Higgs boson. The non-observation of certain, already well-constrained, processes is thus turned into a powerful indirect measure of physical parameters of the effective StandardModel, which are so far basically unconstrained from experiment and extremely challenging to access with other methods. In particular, we can already deduce that Y d should vary at most by ∼ 50% from its Standard Model value, barring an alignment of new physics effects with the SM Yukawa couplings. Such an (orthogonal) alignment scenario is however in general much easier to test at the LHC. Similarly, improvements in limits on FCNCs in the up-type quark sector can lead to valuable information on the physical Yukawa coupling of the up-quark.
Introduction
While the LHC and a future linear collider are expected to determine the Yukawa couplings of the heavy third-generation fermions at the O(%) level, see e.g. [1, 2] , the diagonal Yukawa couplings of the first generation seem to be out of our direct reach in the near future. In this paper, we will demonstrate how we can nevertheless gain valuable information about the possible size of the up and in particular the down-quark yukawa couplings in the mass basis, Y u,d , in an indirect way. For that purpose we employ the fact that modifications of the Standard-Model (SM) Yukawa matrices that change Y d generically also induce modifications in the off-diagonal entries in the mass basis and thus lead to flavor-changing neutral currents (FCNCs). In particular, tree-level Higgs exchange can now mediate meson-antimeson oscillations. These are however severely constrained from flavor-physics experiments, see e.g. [3] .
Setup
We want to examine a possible misalignment between the quark-mass and Yukawa matrices. In order to keep the discussion general and to respect gauge invariance, we introduce this misalignment via the D = 6 operators
Here, Φ denotes the Higgs doublet, which we will parametrize in unitary gauge as 
In this article, we focus on the light quarks and compare our predictions with the strongest constraints on corresponding quark FCNCs available to date. The only "assumption" we make is that the Wilson coefficients C u,d exhibit an anarchic flavor structure, in a sense that they feature arbitrary complex entries, up to a certain allowed scale. While a full comprehensive channel-by-channel analysis, including a detailed survey of the impact of further assumptions we could make on the structure of the dimension-6 operators (2.1), as well as an extension to the lepton (and heavy quark) sector, would be interesting, here we just want to point out the predictive power of the approach. A corresponding global analysis is left for future work [4] .
Let us nevertheless already note that abandoning the chosen anarchic approach by assuming a special flavor structure like an (approximate) alignment of the D = 6 operators with the Yukawa matrices,M u,d ∝Ŷ u,d , results in a scenario that can easily be accessed and excluded directly at the LHC. In fact, such an alignment would lead to (approximately) the same relative shift in the down and bottom Yukawa couplings. Our method thus offers a complementary indirect access to the diagonal Yukawa coupling of light quarks, given that the LHC finds no large deviation in the bottom Yukawa. In that case, which excludes large contributions from a potentially flavor-aligned deviation in the Yukawa couplings (evading FCNCs), our approach has a high power in constraining Y d . In the following we will indeed assume the absence of sizable corrections in Y b of > O(20%) and then our predictions can be considered generic. We thus start from arbitrary complex Yukawa matricesŶ u,d in the flavor basis and introduce a misalignment with the mass matricesM u,d via the coefficients of the anarchic
, see (2.1) and (2.2). The only restriction we impose onM u,d is that they reproduce the correct mass eigenvalues and the CKM matrix after diagonalization,
The Higgs-coupling matrices in the physical basis Y u,d are then obtained via
and
It is just the diagonal (1,1) entries of these Higgs couplings
, that we want to constrain from experimental input in the following.
It is important to note that in general one basis for the mass matrices is as good as the other, and only the misalignment betweenM u andM d is physically observable through the CKM matrix. In consequence, it seems reasonable to assume the most general modifications of the SM values for the Yukawa couplings in the original basis. In particular, in an anarchic approach, it would be unnatural for C u,d to be diagonal in the same basis aŝ
SM . In the following section we will present our numerical results. We will first employ arbitrary complex numbers in the range 
Results
In Figure 1 
Y d and its value in the SM (with
Here and in the following we scan the parameterspace uniformly in the complex plane within
SM in an agnostic way that reproduces the correct quark masses and mixings. We note that the crucial lower contour of the scatter plots is to good approximation independent of continuous changes of the range of the paramters, see below. It should nevertheless be stressed that the analysis is meant to examine the general picture and does not take into account all fine-tuned parameterpoints that might be possible. We also give the experimental upper limit on the corresponding off-diagonal Yukawa couplings from flavor physics (B 0 d oscillations) as presented in [5] ,
, as an orange dashed line (see [3] for the corresponding measurements). This situation changes when we take into account Kaon physics. In the left (right) panel of Figure 2 , we show the magnitude of the real part (imaginary part) of the squared [5], as an orange dashed line. We note that we make no special assumption on the phases present in (2.1). It is evident from the plots that, while the constraint on the real part of the couplings has only a marginal constraining power so far, the limit on the imaginary part already allows the conservative estimate
While this is not a limit that one can not avoid via fine-tuning the structure of the Yukawa matrices, it however provides us with a rather stringent range where we expect 
Conclusions
We have shown how negative search results for FCNCs transitions can be turned into valuable constraints on the first generation Yukawa couplings. While it seems hopeless to get direct information on these couplings from Higgs physics in the near future, given we find no large deviations in Y b , our method provides the estimate 0.4 < |Y d /Y SM d | < 1.7. To obtain statements of similar quality for the up-quark sector, some improvements in experimental limits on FCNCs are required. 
